Carbapenem derivatives substituted at the C-3 position were synthesized (1) by treating carbapenem S-oxides with various mercaptans in the presence of a base ( Fig. 3 ), or (2) by alkylating or acylating 3-thiol carbapenems (Fig. 4) .
Since the epoch-making discovery of thienamycin,l> 35 carbapenem compounds including epithienamycins,2> olivanates3' and the PS series') have been isolated from many streptomycetes. This family of /-lactam compounds are characterized by a common nucleus of 7-oxo-l-azabicyclo-[3.2.0]hept-2-ene-2-carboxylic acid and differ in the C-3 and C-6 side chains and the stereochemistry at C-6 and C-8.
Compared with penicillins and cephalosporins, carbapenem compounds have an unexpectedly broad spectrum of potent antimicrobial activity as well as a strong /3-lactamase-inactivating property.'-') However, as they are labile in vitro and in vivo,',11) naturally occurring carbapenem compounds must chemically be modified to clinically useful carbapenem derivatives having satisfactory chemical and biological stability. Recent papers have shown that chemical modifications of carbapenem compounds result in the improvement of their antimicrobial spectrum." 12)
In the total synthesis of thienamycin Merck scientists have described the preparation of C-3 substituted carbapenems by treatment of the C-3-O-tosylate or C-3-O-phosphate of carbapenem with thiol compounds.") Recently CORBETT has reported a method of C-3 modification with other thiol groups which is limitedly operable in carbapenem compounds having a double bond in the C-3 side chain such as MM 13902 and epithienamycins B and D.14)
In this paper we describe convenient and versatile methods of C-3 displacement which are commonly employable for naturally occurring carbapenem compounds. These methods involve the initial Fig.1 . Naturally occurring carbapenem compounds. S-oxidation of carbapenem compounds followed by displacement of the sulfinyl group in carba- penem S-oxide with different sulfenyl groups. The thiene moiety of carbapenem, particularly after activation by S-oxidation of the side chain, is susceptible to nucleophilic addition, for example, with thiolate anions. The final displacement occurs as shown in Fig. 2 , as the S-oxide side chain is a better leaving group than the sulfenyl. In other words, the S-oxide is useful not only to activate the thiene moiety but also to serve as a good leaving group. Some of the naturally occurring carbapenems are present in the form of S-oxide, and non-S-oxide type members are easily converted to S-oxides.
The S-oxide of PS-5 p-nitrobenzyl ester (2) was prepared in excellent yield by treatment of PS-5 p-nitrobenzyl ester (1) with m-chloroperbenzoic acid in methylene chloride at -35'C for one hour. The subsequent reaction of S-oxide (2) with mercaptans under basic conditions resulted in C-3 substituted PS-5 derivatives. For example, S-oxide (2) (1.0 equiv.) was allowed to react with 1.1 equiv.
of n-butyl mercaptan together with 1.1 equiv. of triethylamine in N,N-dimethylformamide at -65'C for 10 minutes to provide 3-n-butylthio substituted PS-5 ester (6) in an isolated yield of 67 %. Table I summarizes the C-3 substituted carbapenem derivatives prepared by reaction of carbapenem S-oxides with mercaptans.
With more nucleophilic mercaptans such as alkyl and phenyl mercaptans, the C-3 substitution was completed in a short period of less than 15 minutes, showing a good yield of reaction, whereas less nucleophilic compounds such as 4-pyridyl and 2-pyrimidyl mercaptans required a stronger base (for example, sodium hydride) and a longer period of reaction (more than 30 minutes).
The reaction of S-oxide (2) with sodium hydrosulfide provided 3-mercapto compound (4) as a single product without the thioxo compound, because its IR spectrum revealed two sharp single absorption bands at 1778 and 1690 cm-' which were attributable to lactam and ester carbonyls, respectively;
and because its NMR spectrum showed no signal assignable to the C-2 proton. Triethylamine.
2) PNB: p-Nitrobenzyl. 3) Epithienamycin C was used as the starting material.
dioxide, new carbapenem derivatives listed in Tables 1 and 2 p-Nitrobenzyl 6-Ethyl -3-mercapto-7-oxo-l-azabicyclo[3.2.0]hept-2-ene-2-carboxylate (4) S-Oxide of PS-5 p-nitrobenzyl ester (2) (49.5 mg, 0.110 mmole) in 15 ml of dry DMF was reacted with 9.4 mg of sodium hydrosulfide (NaSH • xH2O about 70 % pure, 0.117 mmole) at -40°C for 30 minutes. The reaction solution was diluted with 70 ml of benzene and rinsed with 0.1 M phosphate buffer, pH 6.86 (30 ml x 3). The organic layer was dried over anhydrous sodium sulfate, concentrated to 0.3 ml under reduced pressure and purified by Bio-Beads S x 3 column chromatography using benzene as eluant to provide 10.3 mg (25.8%) of 4.
UV THFmax nm 310 (sh.), 269.5; IR v (max) cm-1 1778,1690; NMR o 1.06 (3H, t, J = 7.5 Hz, CH2CH3), 1.59 (1H, s, SH), 1.55-2.05 (2H, m, CH2CH3), 2.07-.3.06 (3H, m, C-4H, C-6H 3-Mercapto compound (4) prepared from 22.7 mg (0.05 mmole) of S-oxide of PS-5 p-nitrobenzyl ester (2) was treated with thenoyl chloride (8 1d, 0.075 mmole) in the presence of triethylamine (8 .2 mg, 0.081 mmole) at -35°C for 30 minutes. The reaction mixture was diluted with benzene (70 ml) , rinsed with 0.1 M phosphate buffer, pH 6.8 (70 ml x 2) and dried over anhydrous sodium sulfate. After removal of the benzene under reduced pressure, the residue was subjected to silica gel column chromatography (benzene -acetone, 100:1), giving 14.8 mg of 22. 
